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The aim of this study was to establish a high-resolution calcareous nannofossil for upper 
Pliocene-Pleistocene deep marine sedimentary sequences of the South China Sea (SCS). A quantitative 
micropaleontological analysis was performed on a ~ 242 m-thick, continuous sedimentary succession from 
Ocean Drilling Program Site 1146, Hole A, in the SCS. A total of 616 samples were analyzed for 
calcareous nannofossils and a total of 14 bioevents were detected. The bioevents in descending order: FO 
of Emiliania huxleyi, LO of Pseudoemiliania lacunosa, LO Reticulofenestra asanoi, FO Gephyrocapsa 
parallela, FO Reticulofenestra. asanoi, LO of large Gephyrocapsa spp., FO of large Gephyrocapsa spp., 
FO of Gephyrocapsa oceanica, FO of Gephyrocapsa carribeanica, LO of Calsidiscus macintyrei, LO of 
Discoaster brouweri, LO of Discoaster pentaradiatus, LO of Discoaster surculus, and LO of Discoaster 
tamalis. The first occurrence (FO) of Emiliania huxleyi is not correctly detected due to poor preservation 
and dissolution of nannofossils in the underlying level. This work refines the previous calcareous 
nannofossils biostratigraphy in the SCS by including five bioevents of Gephyrocapsa species 
evolutionary-extinction events. The detected calcareous bioevents correlates well with those reported in 
other terrestrial and marine sites as well as the global benthic foraminiferal δ18O records. The generated 
age-depth curves based on nannofossil datums indicates a significant increase in sedimentation rates around 
0.85–0.90 Ma at the LO of R. asanoi. The timing corresponded to the expansion of coral reef in the Ryukyu 
Islands linked to a step-wise intensity increase of Kuroshio Current. Also, the timing is roughly coeval with 
the sea surface temperature increase in the northwestern Pacific by ∼ 2.0°C due to the expansion of the 
Warm Pool Western Pacific (WPWP) toward the north and south subtropical regions. This augment may be 
explained by increased (1) weathering and erosion of terrestrial areas in glacial periods and (2) rainfall 
causing higher sediment transport in interglacial periods, both linked to Mid-Pleistocene Transition 
(MPT)-related climatic changes.  
 
The calcareous nannofossils assemblage changes indicate the nutricline variation, paleoproductivity and 
paleoceanographic condition changes in the SCS for the past 2.86 Ma. Based on the changes of the relative 
abundance of the upper and lower euphotic zone species (Small reticulofenestrids and F. profunda 
respectively), warm-water species, N ratio and NAR, four intervals were defined based on their 
relationship.  
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The investigated parameters indicate the gradual increase in productivity from late Pliocene to Pleistocene 
due to the shallowing of nutricline/thermocline depth that led to the enhancement of upwelling system and 
supply of nutrient on sea surface. Subsequently, for the past 2.86 Ma, the SCS paleoceanographic condition 
changes from a typical oligotrophic condition (2.86 – 1.71 Ma) to mesotrophic (1.71 – 0.59 Ma) to strong 
eutrophication condition around (0.59 – 0.25 Ma) and then gradual changed to oligotrophic condition (< 










んだ．   
第１章では，上記の研究背景・目的に加え，南シナ海の海洋環境を概説した．第２章では，
更新統の石灰質ナンノ化石生層序を確立するために伝統的に用いられているが，研究者間で
見解に相違がある Gephyrocapsa 属の分類・区分を整理し，本博士論文における Gephyrocapsa
各種の定義を明示した． 
第３章では，研究試料である国際深海掘削計画第 1146A 孔（ODP Hole 1146A）における石
灰質ナンノ化石生層序を詳述した．本孔では 14 の石灰質ナンノ化石生層序基準面（うち 1 つ
は不確定）が認められることを明らかにし，これを先行研究で示されていた酸素同位体層
序・古地磁気層序と対比し，正確な年代モデルを作成した．この年代モデルから，南シナ海
では約 80 万年前に堆積速度が急上昇したことが明らかとなり，これはベトナム，琉球，房総
半島の地質記録に認められる浸食速度の増大やサンゴ礁の形成の活発化と対応づけられるこ
とを指摘した．  
第４章では，それぞれ上部および下部透光帯を特徴付ける小型 reticulofenestrids および
Florisphaera profunda, 暖海種の相対頻度，石灰質ナンノ化石の単位時間あたりの沈積量に着
目した検討を行った．その結果，南シナ海の海洋環境は，ピアセンジアン期〜ジェラシアン
期には貧栄養，カラブリアン期〜中期チバニアン期には中栄養，中期〜後期チバニアン期に
は富栄養であったが，後期更新世には貧栄養に戻ったことが解明された．これは，博士論文
の課題である後期鮮新世〜更新世における南シナ海の海洋環境復元を満足するものである． 
第５章では，上記の研究成果を総括し，今後の研究課題を展望した． 
以上の研究成果は，Sara Emanuel が研究活動を行うに必要な高度の研究能力と学識を有す
ることを示している．したがって，Sara Emanuel 提出の博士論文は，博士（理学）の学位論
文として合格と認める． 
 
